Objective: To determine adherence to Chinese guidelines for perioperative antibiotic use in our hospital of TCM and discuss the role of pharmacists on antibiotic management. Methods: 2844 operative cases between May 2011 and December 2011 in our hospital were investigated by pharmacists and relative data were collected, including demographic data, type of surgery, wound classification (clean and clean contaminated) and parameters of antibiotic application (antibiotic choice, route, dose, time of first dose, time of operative re-dosing and duration of prophylaxis). The rationality of antibiotic administration in these cases was respectively evaluated based on Chinese guidelines for perioperative antibiotic use. Results: After intervention of pharmacists, perioperative antibiotic application in our hospital was obviously improved from May to December of 2011: the rates of antibiotic application in operative cases and antibiotic prophylaxis in clean operation were both decreased. However, there was no significant improvement for the rate of rationality. In detail, TCM surgery was well compliant with the guidelines: the rate of antibiotic application was less than 30%, regimen of antibiotic prophylaxis and therapy was reasonable; in the breast ward, antibiotic application was improved after pharmacists' intervention: the rate of antibiotic prophylaxis in clean operation significantly decreased from 100% to 30%; however, in the anorectal ward, some troubles were resolved while other new problems came out; in other ward such as general surgery and orthopedics, old problems still existed. Conclusions: Protocol violations were frequent to perioperative antibiotic application in our hospital due to considerable over prescription. Intervention was effective but not enough. Further educational strategies are essential for reducing costs and antibiotic resistance rates.
Introduction
The contribution of antibiotic prophylaxis and therapeutics to reduce surgical site infection is well known [1] . In spite of extensive knowledge about the effectiveness of antibiotic prophylaxis and therapeutics, their administration regimens are often inappropriate. In order to reduce costs and antibiotic resistance rates and promote the rational application of antibiotics in our country, a series of documents have been officially published in recent years. All hospitals in China are urged to comply with these guidelines.
It is worth mentioning that our organization is a comprehensive hospital of traditional Chinese medicine, the herbs usage is tremendous, and some of them possess anti-microbial and anti-inflammatory functions such as Coptis Root, Polygonum Cuspidatum, Indigowoad Leaf et al. [2] [3] . So when those herbs are used in patients who have been infected, the corresponding departments may have lower rate of antibiotics use.
Based on the above background, the appropriateness of antibiotic application in our hospital, especially perioperative antibiotics, was selected as a focus. The operative cases in our hospital were investigated and antibiotic application was evaluated according to published guidelines and related literatures. Meanwhile, the effects of herbs to antibiotics usage were discussed.
Data and Methods

Data Collection
All operative patients' records in our hospital between May 2011 and December 2011 were observed. For our research purposes, a case record form was developed which included information on patient characteristics, surgical procedures, laboratory results and antibiotic treatments for each subject. Wound classification was obtained from the antibiotic ordering form which was sent to the hospital pharmacy for each patient prior to surgery. When the wound classification was not reported, the wound was classified from the operation report according to the China standards for that type of surgical procedure. The following aspects of antibiotic treatments were examined: the antibiotic agent, the route of administration, the timing of operative re-dosing and the duration of antibiotic application.
Assessment Criteria
The appropriateness of antibiotic application was evaluated in accordance with the following documents: 1) Notification about issues related to management of antibiotics clinical application composed by General Office of the Ministry of health in 2009 (NO. 38); 2) Guidelines for antimicrobial application drafted by the Chinese medical association, the Chinese hospital association and the Chinese pharmaceutical association; 3) information from medication package inserts.
The main points of antibiotics application guidelines (NO. 38) are as follows: 1) I class incision surgery generally doesn't use antimicrobial drugs for prophylaxis. Otherwise, corresponding indication, drug choice, drug initiation and duration time must be controlled strictly. Dosing method accords to the relevant regulations: the first time delivery must be within 0.5 to 2 hours before surgery or at the beginning of anesthesia. When operation time is more than 3 h or blood loss is greater than 1500 mL, the second agent drug can be given, and total prophylaxis time is generally not more than 24 h, but individual cases can be extended to 48 h. 2) Strictly control fluoroquinolone drugs in clinical application: strictly gasp clinical application indications and control number of species. Empirical treatment of fluoroquinolone drugs can be used in intestinal infection, community acquired respiratory tract infections, and community acquired urinary tract infection. 3) Strictly perform the classification management of antimicrobial drugs, include unrestricted use, restricted use and special use. 4) Establish the early warning system for the clinical application of antimicrobial drugs, and take appropriate intervention measures. For the main target bacteria, when resistance rate of antimicrobial drugs is more than 30%, the early warning information should be timely passed to agency staff; more than 40%, empirical usage should be cau-tious; more than 50%, drugs should be selected according drug sensitive test results; more than 75%, these drugs use should be suspended, and the decision whether to restore its clinical application in accordance with the tracking monitoring results of bacterial drug resistance.
Protocol
The required data were provided by the statistics department. The pharmacists assessed the appropriateness of antibiotic application according to the above criteria, summarized and submitted reports to the department of medical management each month. In our study three parameters from each month such as antibiotic using rate, antibiotic use rate in clean operations and rate of unreasonable antibiotic use were compared. Controversial issues were arbitrated by the group of bacterial drug experts which consisted of experienced doctors and pharmacists. The department of medical management checked the reports, notified the clinics and interfered in unreasonable administrations together with pharmacists when necessary (Figure 1 ).
Analyses
Data were entered into EXCEL and analyzed by SPSS16.0.
Results
Between May 2011 and December 2011, 2844 patients were enrolled during our survey period. Ophthalmology operations were excluded because a consensus about the antibiotic prophylaxis of ophthalmology had yet to be agreed upon. Of the 2844 patients, 1217 (42.87%) underwent a clean surgical procedure while all others received a clean-contaminated or contaminated operation. The majority of procedures were carried out by the anorectal ward (33.30%), followed by the breast ward (20.39%), orthopedics (14.59%) and the general surgery ward (11.99%) (Figure 2 ). This showed that the four wards were important operative departments. As a result, they should be paid more attention.
Perioperative antibiotic use in the whole hospital was improved during several months last year. The rates of antibiotic application and antibiotic prophylaxis for clean operations both obviously decreased from May to December while the rate of unreasonable application fluctuated (Table 1, Figure 3) . The details of various wards are shown below: In the breast ward, intervention for perioperative antibiotic use was very effective (Table 2, Figure 4 ): Antibiotics were administered to almost all patients undergoing breast operations before August in spite of wound classification. However, after pharmacists' intervention, the rate of antibiotic prophylaxis and therapeutics gradually decreased until about 30% in December. Meanwhile, the rate of inappropriate application was significantly reduced from 71.64% to 27.06% between May and December. In the TCM surgery, some of the primary diseases treated were diabetic gangrene, erysipelas, ulceration, and snake bite, so a large part of operations involved incision, drainage and debridement of skin and soft tissue, which were catalogued into contaminated procedures. However, to our pleasure, antibiotic protocols in this ward were always satisfied while the risk of surgical site infection did not obviously increase. The rate of antibiotic application was low (<30%); although the antibiotic use rate in clean operations was 100% in May, the reason was that only one clean procedures were executed in that month and antibiotics were seldom administrated for these operations; furthermore, most of antibiotics were properly performed (Table 2, Figure 5 ). As we know, herbs are commonly given to patients orally or externally after procedures in this ward and characteristics of TCM might be associated with the low rates of antibiotic use and adherence to relevant guidelines in this department. It may indicate that chemical antibiotics might not be the sole agents able to prevent surgical site infection and some herbs might also possess antimicrobial activities [4] [5] .
In general surgery and orthopedics, the parameters of antibiotic use fluctuated ( Table 2, Figures 6, 7 ) and some problems existed: 1) No indications. For example, thyroidectomy is considered a clean operation and is not suitable for antibiotic prophylaxis [6] . Despite this, in some cases antibiotics were used.
2) Unsuitable selection of drug. The first or second generation cephalosporins were normally chosen for clean or clean-contaminated procedures [7] . If a patient could not safely receive cephalosporin because of an allergy, clindamycin and aztreonam were used separately for gram positive and gram negative bacterium. However, in some operations of orthopedics, such as implant fixation of fractures, fluoroquinolones were often selected for prophylaxis. This unreasonable selection increased emergence of fluoroquinolone resistance.
3) Incorrect timing of administration. Antibiotic prophylaxis was normally used to ensure antibiotic presence in adequate concentration in the targeted tissue throughout the operative period [8] . The guidelines for antibiotic management in our country recommend antibiotics should be given at the beginning of induction or half to two hours before operation. However, in some cases the first dose of antimicrobial agent was administrated to patients after operation. 4) Prolongation of antimicrobial application. According to the guidelines for antibiotic management and literature duration of appropriate antibiotic prophylaxis should be less than 24 h and may be prolonged to 48 h under some special conditions. There was no evidence that prolongation in postoperative period decreased the incidence of surgical site infection [9] [10] . In cases of prolonged surgery (>3 h) and excessive bleeding (>1.5 L), intra-operative re-administration was indicated. However, in some cases, duration of some procedures such as hernia repair and implant fixation of fractures exceeded 48 h and even longer without explicit indications. 5) Overdose of antibiotic agents. According to the recommendations in the guidelines, preventative dosages of cefuroxime and metronidazole were respectively 1.5 g and 0.5 g, but in some records actual amounts were overdosed with cefuroxime (2.25 g) and metronidazole (2 g), leading to additional cost and adverse reactions.
6) Inappropriate combination of drugs. For instance, cefmetazole and ornidazole were combined together in several surgical patients. Both of drugs are active against anaerobic bacteria. It was unnecessary for patients to be exposed to both medcines at the same time only for prophylaxis. 7) No clear reason for drug replacement. In individual cases, cefuroxime and metronidazole before operation were replaced by cefotiam and ornidazole after the procedure. Both cefuroxime and cefotiam are classified as second generation cephalosporins, furthermore metronidazole and ornidazole are both nitromidazoles. These drugs' antimicrobial spectrums are similar, but there was no indication for the replacement noted in the patients' medical records, indicating replacement of drugs was casual.
8) Inaccurate frequency of administration. For the sake of convenience, some doctors were not compliant with the pharmacokinetics of the antibiotic used. For example, cefotiam doses should be given divided two to four times per day according to the information provided by the manufacturer. In some cases cefotiam was given once daily, which may have led to decreased efficacy.
In the anorectal ward, a large part of operations were fistulectomy and haemorrhoidectomy, which classified as contaminated operations or dirty wounds. During the period of observation, some problems were resolved while new troubles came out, which contributed to the fluctuation of parameters (Table 2, Figure 8 ).
1) In May, June and July, pazufloxacin was widely used. Pazufloxacin belongs to the fluoroquinolone drug class, and is not suitable for operative prophylaxis. Following intervention by pharmacists, improvement was not obvious. Due to this, a report was submitted to the department of medical management and pazufloxacin was removed from our hospital formulary. Following this intervention, the situation improved.
2) In the next months, ornidazole was generally chosen to prevent anaerobic bacterial infections. With regard to the cost, the medical insurance rules of Shanghai noted that ornidazole should only be given to patients who cannot tolerate the adverse reactions of metronidazole. The investigators checked patients' histories, but found no records of indicating that patients were intolerant adverse reactions of metronidazole. Due to this, the investigators negotiated with the clinical doctors. The physicians argued that because postoperative patients often felt gastrointestinal discomfort due to anaesthesia and analgesia pumps, it was necessary to select ornidazole instead of metronidazole. An agreement seemed to be reached.
In other ward, similar problems were also exhibited: 1) In the urological surgical ward, aztreonam was commonly selected for antibiotic prophylaxis despite patients' allergic history. Based on recommendations for antibiotic management, aztreonam should only be used for patients who are allergic to penicillin. Selection of drugs should be made according to patients' allergy histories.
2) In the thoracic surgery ward, cefoxitin, a cephamycin, was administrated once daily for prophylaxis. To our knowledge, the choice of this drug and frequency of administration were incorrect.
3) In the gynecology ward, problems such as inappropriate combination of drugs and incorrect timing of administration were also sometimes present.
Discussion
Our hospital is affiliated to shanghai university of Traditional Chinese Medicine and the specialty is Traditional Chinese Medicine, which might contribute to the types of operations normally uncomplicated and low risk. As showed above, a large part of operations was breast surgery, thyrodectomy, inguinal hernia repair, excision of hemorrhoids and so on. This suggested that there was plenty more for pharmacists to improve perioperative antibiotic use.
In 2011 pharmacists made great efforts backed by president office and department of medical management. After several months, obvious improvements were shown in some wards, especially breast ward. In other wards improvements were not significant. This demonstrated that our jobs were effective but required further improvements. Some problems were presented as follows:
1) Some wounds were not clearly classified. As a result, it was difficult to speculate antibiotics use as therapy or prophylaxis. In some anorectal operations such as excision of hemorrhoids and perianal abscess, it was often confused whether antibiotics were used as prophylaxis or therapy. Doctors and pharmacists should communicate more frequently and reach a consensus.
2) Unclear and wrong records brought out some problems for pharmacists to judge the rationality of antibiotic use. Administration time points of antibiotics were often omitted, which was not convenient for us to evaluate the propriety of time; progress of diseases was sometimes ambiguous, which puzzled us to find the reasons of drug replacements; classification of wounds in operation records was inconsistence with discharge summary ect. These indicated that the department of medical management should pay attention to the quality of case history.
3) Similar problems seemed to come up again and again in some wards. This indicated that the interventions were not enough. These difficulties should be resolved.
Of course this paper was limited. It was retrospective study and all interventions were performed afterwards. In the future additional measures should be carried out: antibiotic management software should be implanted in computer system (the Hospital Information system); contacts between doctors and pharmacists should be closer for consensus on lots of issues; authorities should take more effective methods to achieve optimal adherence, ect. Through these efforts by clinics and pharmacists, continuous improvement in perioperative antibiotic use of our hospital is possible in the future.
